We develop a modified "two-state" model with Gaussian widths for the site energies of both ground and excited states, consistent with expectations for a disordered system. The thermodynamic properties of the system are analyzed in configuration space and found to bridge the gap between simple two-state models ͑"logarithmic" model in configuration space͒ and the random energy model ͑"Gaussian" model in configuration space͒. The Kauzmann singularity given by the random energy model remains for very fragile liquids but is suppressed or eliminated for stronger liquids. The sharp form of constant-volume heat capacity found by recent simulations for binary mixed Lennard-Jones and soft-sphere systems is reproduced by the model, as is the excess entropy and heat capacity of a variety of laboratory systems, strong and fragile. The ideal glass in all cases has a narrow Gaussian, almost invariant among molecular and atomic glassformers, while the excited-state Gaussian depends on the system and its width plays a role in the thermodynamic fragility. The model predicts the possibility of first-order phase transitions for fragile liquids. The analysis of laboratory data for toluene and o-terphenyl indicates that fragile liquids resolve the Kauzmann paradox by a first-order transition from supercooled liquid to ideal-glass state at a temperature between T g and Kauzmann temperature extrapolated from experimental data. We stress the importance of the temperature dependence of the energy landscape, predicted by the fluctuation-dissipation theorem, in analyzing the liquid thermodynamics.
I. INTRODUCTION
In the search for understanding of the glass transition phenomenon, attention has been focused overwhelmingly on the dynamic aspects of the behavior of supercooling liquids. [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] This is natural in view of the general agreement that it is the falling out of equilibrium, at a temperature that depends on the cooling rate, which provokes the observed "drop" in heat capacity at T g . In other words the glass transition phenomenon observed experimentally is an entirely kinetic phenomenon. However, this approach leaves unresolved a basic thermodynamic question that has troubled glass scientists for the best part of a century.
The thermodynamic problem concerns the course of the entropy in excess of that of the crystal ͑or any other state whose entropy vanishes at 0 K͒ during cooling of the equilibrated liquid state. First posed in 1930 by Simon for the particular case of glycerol, 15 and after for a variety of substances by Kauzmann, 16 the question concerns what physical process occurs to avoid the liquid entropy from intersecting that of the crystal, as simple extrapolation of the observed entropy changes with decreasing temperature would require for all fragile liquids. 16 Unless it can be shown generally that the liquid becomes mechanically unstable during cooling, ͑hence has no option but to crystallize͒, the resolution of this problem requires a thermodynamic description of the liquid entropy which is independent of equilibration time scales. A mechanical instability due to the vanishing of the nucleation barrier was Kauzmann's resolution 16 of what has become known as the Kauzmann paradox ͑kinetic phenomenon, T g , avoiding a thermodynamic crisis, at T K ͒. Although this resolution has been given recent support from certain crystallizable spin-glass model studies, 17 there is a broad belief that the Kauzmann paradox demands a more general resolution.
While there have been a number of insightful investigations on the thermodynamic properties of glassformers, using the configuration space energy landscape approach, [18] [19] [20] there have been surprisingly few attempts to provide theoretical functions to describe the liquid thermodynamics in terms of underlying models. Early attempts were focused on polymers for which quasilattice models were plausible. Considering the case of atactic polymers, for which no low-energy crystalline state exists, Gibbs and Dimarzio 21 argued that a thermodynamic ͑equilibrium͒ transition of second order, at which the configurational entropy vanishes, must set the limit to supercooling of the liquid state of the polymer. It has been broadly supposed that a similar transition might apply to liquids 22 though, without the polymer basis, there is so far less theoretical justification for this. Furthermore, Stillinger 23 has argued that such a transition is not possible in principle, though how closely such a transition could be approached has not been discussed. By contrast, a free-volume model by Cohen and Grest 5 has suggested that, ideally, the transition to the ground-state glass should be of first order, though no experimental example has been identified. On the other hand, spin models, 7 and their application to coarse-grained models 
